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Mr. J. P, Bufe - M. C,C, Utility Engineer for power

plant and water supply
Mr, H, E, Hudson - 8,W,S. Clivil Engineer

Mr, T, E, Larson - 3.W,S, Chemist

Mr. R, P, Strout - 8,W.S, Mechanlcal Engineer

Products: Chlorine and caustic soda (NaOH)

Sulfuric acid (Mumerous other minor products)

Chlorine 1s produced by a gas by passing an electric current

through a solution of common salt in a Nelson Cell.

caustic soda remains in solutlon.

The resulting

Sulfuric acld is produced by the contact or catalytic process
in which burning sulfur forme 803 in the presence of vanadium
catalyst combining with 98% sulfuric acid H,S80,, to form 99%

sulfuric acid.

The municipal water company suppllies approximately 2,000,000

gpd of soft water (130 ppm) to the plant.

Munidipal water 1s drawn from the Mississippl River,

City water 1s used for fire supply as insurance Co. considers it

most reliable,

City water used in plant for sanitary purposes, as solvent in
process water (dissolves salts), as make-up in evaporative coolinr

unitae.
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The plant draws about 10 Mgd. of water from its own wells.

The water level is reported not to have changed materially over
a period of 40 years.

Well water is h1§hly mineralized (13000 ppm) containing much

iron (15-20 ppm.)} which tends to clog heat exchangers particularly
if exposed to air,

Water from 2 wells is treated with sulfur dioxide to delay
precipitation of iron sludge.

Concentration of 80, is maintained at 7 ppm.

Well water is used only for heat transfer cooling. 'In the
cooling process the water 1s limited to a 25° F. temperature
rise as a greater temperature increase would result in preci-
pitation of the iron anda CaCO; sludge, within equipment,

Both municipal and well supply are metered but plant desires a
greater number of meters at polnts of use,

The temperature range of chemical processes is from -10° C,
to 250° C,

The water system represents 2 to 4 percent of the total plant
investment.

Th Lo eshimeted uuau-wsii'mﬁmer tusls ‘DeTween % and % cents per
1000 gallons.

Major water equipment used for cooling consisted of:
Cell forced draft cooling towers for

1 spray pond for caustic separation
1 cascade evaporative condenser for 80; cooling.

R, P. Strout
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PURPOSE
=

The purpose of this report is to provide the supporting data required
to secure a permit to drill, test and complete an industrial waste
disposal well at Monsanto's W. G. Krummrich Plant at Sauget, St. Clair

County, Illinois.

Plans and design data are included to meet the requirements set forth

in general terms in "Administrative and Technical Procedures Controlling
the Installation and Operation of Deep Well Injection of Industrial
Wastes in Illinois"” (Illipois Sanitary Water Board - January 13, 1968).
Details are included to satisfy the specific requirements discussed

in C. W. Klassen's letter to G. L. Bratsch of August 17, 1970 and

the points raised in the meeting of August 31, 1970.

This report is, therefore, a continuation of the feasibility study of,

March 27, 1970 previously submitted to the Sanitary Water Board by

Monsanto.



PROPOSAL

The Monsante Corporation, witii the assistance of its affil:ato,
Monsanto Enviro-Chem Systems,; proposes to drillvq test well on
3.859 acres of its property known as "Part of Lot 122 of Cahckia
Commonfields" adjoining its W. G. Krummrich Plant near Sauget,
St. Clair County, Illinois. The test well will, as described in
this report, develop sufficient information to determine its

suitability for use as a disposal well.

Should the geology prove to be satisfactory, Monsanto proposes to
complete the test well immediately as a waste disposal well in

the manner described herein.

The exact location of Part Lot 122 is shown on the following

three maps and is described in detail as follows:

- Part of lot numbered One Hundred twenty-two (122) of the
“"CAHOKIA COMMONfIELDS"; reference being had to part of the
plat thereof recorded in the Recorder's office of St. Qlaix
County, Illinois in Book of Plat "E" on pages 16 and 17, more

particularly described as follows, to-wit:

Commencing at the point of intersection of the Northwesterly
line of lot seventy-seven (77) extended Southwesterwardly with
the Northeasterly line of Monsanto Avenue, said point also

being distant sixty (60) feet Northeastwardly and measured

-2~



along the said Southwesterly extension of the Northwesterly
line of lot Seventy-seven(77), from the Southwesterly line of
lot One Hundred Twenty Two (122); thence in a Northeasterly
direction along the said Southwesterly extension of the
Northwesterly line of lot Seventy-Seven (77), a distance of
Three Hundred and Eighteen and Five tenths (318.5) feet to
the intersection of said line with the Northeasterly line of
lot One Hundred Twenty-Two (122): thence Southeastwardly
along the Northeasterly line of lot One Hundred Twenty-Two
(122) a distance of Five Hundred Forty-One and Forty-three
Hun&fe&fns 1541.43) feet to the Intersection of said line with
the Northwesterly line of the former right of way of the East
St. Louis, Columbia and Waterloo Electric Railway; this point
being also the intersection of said former right of way line
with the Southwesterly line of lot Seventy-Seven (77): then
Southwestwardly along the straight extension of the North-
westerly line of said former right of way of the East St.
Louis, Columbia and Waterloo Electric Railway, a distance of
Two Hundred Forty-Six (246.0) feet to a point; thence
Westwardly making an interior angle of 127° S8' 30" with thae
last described line, a d;stance of One Hundraod E&ghteen and
‘three tenths (118.3) feet to a point in the Northeasterly line
of Monsanto Avenue; thence Northwestwardly along the North-

easterly line of Monsanto Avenue, a distance of Four rundred



Forty-seven and Ninety-five Hundredths (447.95) feet to the
point of beginning, and containing Three and Eight Hundred

Fifty-nine thousandths (3.859) acres, more or less.

Situated in the County of St. Clair and State of Illinois.



Carie, Airmonad
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CONCLUSIONS

(1) The St. Peter sandstone at 1600', appears to be suitakle for

|
injection of sulfuric acid wastes in the range of 50 to 150
gpm. , Xy
l'i r "»;‘. . - - FLU

(2) The St Peter can be tested for both permeablllty of the rock

water before runnlng ca51ng

Fo £

and water mfnerallzatio'
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(2)

(3)

(4)

M-

RECOMMENDATIONS

It is recommended that a well be drilled to the St. Peter

sandstone and that this horizon be thoroughly tested.

1f the St. Peter is sufficiently permeable to accept 50 gpm
or more, and carries water in excess of 10,000 ppm total
dissolved solids; it is recommended that the well be com-

rleted as a disposal well in this horizon.

If the St. Peter is unsuitable for any reason, it is recom-

mended that the Mt. Simon sandstone be tested.

If the Mt. Simon is suitable; it is recommended that the well
te completed in this horizon as a disposal well, with an inter-
mediate liner casing to protect the St. Peter should this zone

require it.

4:(5) It is recommended that the detailed design of the pretreatment

),2 -

plant and injection system (inbiﬁding tubing) be deferred until

precise design parameters are available from well tests.
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RALKGROIIND

On March 27, 1970 a Feasibility Study was prepared in which Monsanto
proposed to dispose of several streams of waste sulfuric acid (up

to 155 gpm) via deep well at 1ts Sauget, Illincis plant. The primary
objective was the St. Peter sand (-1200' sub-sea) with a secondary
objective being the Mt. Simon (-3600' sub-sea) if the St. Peter was

unsuitable.

The report was submitted to Illinois Sanitary Water Board and comments
were requested. A joint review by all interested state agencies was

completed and, on August 7, 1970; comments on the proposal were sent

to Monsanto by C. W. Klassen. A meeting was arranged for August 31, 1970

at Springfield.

The questions raised can be summarized briefly as follows:

(1) Does the St. Peter carry brine in excess of 10,000 ppm
total dissolved solids at this location? 1If so, how does
Monsanto propose to prove it? TIf not, how does Monsanto

propose to protect this zone?

(2) How does Monsanto propose to test the intake capacity of

the well? What safeguards against disposal above fracturing

pressure does Monsanto propose?

=10~
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(4)

(5)

what degree of pretreatment does Monsanto pronose {o:

this waste?

What are the details of Monsanto's proposed logging, coring,

and testing program?

what are the exact physical and chemical properties of the

waste to be injected?

-1l1-~-



OBJECTIVES

The objectives of the well proposed in this study are:

(1) To test the suitability of the St. Peter as a disposal
zone.

(2) To test the suitabilitj of the Mt. Simon as a disposal
zone if the St. Peter is unsuitable.

(3) To complete the well safely in the shallowest suitable
horizon, if one exists.

(4) To plug the well securely if no suitable horizon exists.

It is proposed to achieve these objectives by following a flexible

drilling program with alternative branches. Information developed
during drilling will direct which alternative will be followed.
The program described in detail in Appendix I can be summarized

as follows:

Alternate 1 Lo . i;;fa

The St. Peter will be thoroughly tested and, if suitable, the

well will be completed in this horizon.

Alternate 2

If the St. Peter carries brine in excess of 10,000 ppm total
4issouved s011d8s ‘put lacks sufficient permeability, the well

will test the Mt. Simon. 1If this zone is satisfactory, a

-12~



- conventional ccmpletion in the Mt. Simon will be made.

Alternate 3

If the St. Peter carries water of less than 10,000 ppm TDS,

the well will test the Mt. Simon.  If this zone is satisfactory
the well will be equipped with a special protective casing to
cover the St. Peter plus a conventional long sgrigg ofAcasing

to complete in the Mt. Simon.

- Alternate 4 : AT

am e T St

. If neither zone is suitable, the well will be'éééure;y rlugged

. ' in accordance with good drilling practice and ;hé'éppropriate.
LA - . 7 ’ vl S - . Q“:"—;ﬂ,"lk. ‘N -‘,F ‘4:; o

4

Illinois regulations for abandoning exploratofy yeils.

am’ indicates’ the

.
* 2 a N E . o SR bty et i sl Voo - FELE W

L a1 8
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Fiqure J

SCHEMAT: :C DRILLUNG PROGRAM

PRILL 40'iINTO

START J—-—-o HUNTON (1Goo’)
SET & CEMENT |

16" SURFACE PIPE

PRILL Teo BASE
OF ST. PETER
(t1750") TAw 2
Logs, sIDE waLly ,
CORES, DRILL

| STEM TeSTS| - °~. 70 -

iu T atsm:m )

-' _;.oc,, sioE ) <o ., {PRiuT wemr L

] tay cement|
PLUGS AND
- ABANDON WELL|

RUN T"casing

. ) |rem X voLe CLEAN o uT
THROUGH ST.PETER FROM ST.PETER "~ CEMENT,
RUN I1C¥% PIPEE To MT. siMON COMPLETE WELL,
CEMENT TEST WELL



ST. PETER SANDSTONE

As discussed in the preceding section, the first decision point

~ involves the suitability of the St. Peter sandstone as a waste

,storage reservoir.

To be suitable for this purpose, the sand
muat meet two cr;terla. First, the water lt carries must contain ffﬁ“

) ‘x ,‘,.g,
. . . v
o o

more than 10 000 ppm totar dlssolved sollds.

Secondly, the sand

‘However, the references czted in the F3381blllty Sﬁudy 1nd1cate'
L " \* 3’ ; %k .__y -

?»,,

SRm— - dryrholes. .Toathe,nOtthmwthe .Lange. 3,showed lowﬂ;ﬁa;st1v1ty (30-- i

40 ohns mz/m) on the 16", 64“, and 19' curves, indicating a strong

brine,.

~15-



To the west some fresh water has been reported by Gleason (2).

His Plate I indicates potable watér in the St. Peter in the

extreme southwestern part of St. Louié County (44N-4E) about
eighteen miles from the proposed well. His cross section A-A

shows an easterly dip on all beds and projects the top of the

St. Peter at about 1100' sub-sea on the west side of the Mississippi.
(The correlates acceptably with 1200 sub-sea forecast in the
Feasibility Study at the Sauget site.,) His Figure 1 (page 13)

also shows that there is at least a qualitative correlation

between water mineralization in the St. Peter and depth of this

sandstone; with 10,000 ppm or more being a reasonable expectation

at depths greater than 500' sub-sea.

Finally, rough correlations can be made between total dissolved
solids and geologic formation from Gleason's Table 2. To make
this correlation relevant to Monsanto's problem, the wells should

be restricted to those in Range 7 East (bordering the river).

.

Téﬁai'gissolvedb A. . ‘ Gleason I.D.
Horizon Solids, ppm Location Number
Meramec Grp. (M) 488 47N-7E 3
Osage Grp. (M) 1,596 46N-T7E 10
Ordivician
above St. Peter 17,456 47N-T7E 13
St. Peter (0)
and lower 11,147 45N-7E 24

~-16-



These data strongiy support the conclusions of the Feasibility
Study (drawn from Meents, Section V, page 36-37) that the St.
Peter carries brine in excess of 10,000 ppm TDS throughout St.
Clair County and that surfacez pipe to the Siluro-Devonian Hunton

would protect all freéh water.

In spite of this preponderance of evidence, Monsanto is prepared
to test the St. Peter thoroughly prior to proceeding further with
this well. We will take drill-stem tests which will yield actual
samples of the connéte water plus valuable data on average per-
meability. (The rate at which fluid flows into a well during
production and the rate at which bottom-hole pressure stabilize§
after production ceases can be interpreted mathematically to
calculate pressure-~rate relationships during iﬁput,) These data
will be further supported by sidewall cores (cylindrical rock
samples obtained from the wall of the well) which will be analyzed
for porosity, permeability and litholégy. Only if positive data
are at hand indicating the suitability of the St. Peter will the

well be completed in this horizon.

-17-



MT. SIMON SANDSTONE

Fewer data are available on the Mt. Simon than on the St. Peter

in this area because of lack of exploration to this depth. However,
the greater depth (3700' wvs. 1600') gives greater assurance that the
connate water will be highly mineralized and that this zone will be

a suitable disposal horizon at least from a conservation point of

view.

The porosity and permeability of the Mt. Simon at this site are
subject to question. Hence, if the well must be carried below the
St. Peter, then tests similar to those described previously will be

carried out in the Mt. Simon before completing the well.

-18-



WASTE CHARACTERISTICS

The waste to be disposed will consist of a mixture of the six
waste streams shown in Table 1. These are the same as reported

in the feasihiliky stwdy, widn “he urcepiion ©i stresm S wWnich

has been discontinued.

The total load in Table 1 averages about 150 gpm and, as pointed
out in the feasibility study, this volume may approach or possibly
even exceed the capacity of the well. 1In the event that it is
necessary to reduce the total flow to the well to stay within safe
pressure limits; all or part of stream 2 will be treated and
returned to the surface environment. Because stream 2 is the
largest volume with the lowest contamination, this would in effect,

be concentrating the waste to whatever extent this stream was

diverted from the well.

The complete segregation of stream 2 would reduce the flow to the

well to about 50 gpm, but would still permit subsurface disposal

of about 90% of the plant's waste.

For this reason, in addition to normal fluctuations in plant
operation, it is impossible to present a precise chemical analysis
of the fluids to'be injected. At maximum concentration the combined
waste should be an aqueous solution of about 9% sulfuric acid with

about 5% contamination by nitrates, benzenes, and chlorine compounds.

~19-
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////, TABLE 1
]

W. G. KRUMMRICH PLANT

WASTE CHARACTERIZATION

e T

COMPOSITION

DESCRIPTION

230,000 77 Sulfuric Acid
17.6 Watgr
4.8 | Nitric Acid
.6 Nitrochlorobeniene
|2 | ss.700,000 | 9.5 | Water

Sulfuric Acid

.5 Nitric Acid JCoC plo nn
1‘) Nitrochlorobenzené’//
3 | Taszoe [ e “sulfuric Acid
19 Water
N T T T ‘
2 :' 5 ' Sulfuric Acid
SR AN SN Kol -2 i
6 19,000,000 95.3 Wwater
3.1 Nitric Acid
1.4 Nitro Benzene Derivatives |
7| lso0 | es | water
14 Sulfuric Acid
;‘;> 11 Caustic Soda Solution
ﬂ 10 Chlorophenols

~20-



- PROTECTIVE MEASURES

. R R S S IS I o

As detailed i1n the drilling program (Appendix £}, the well has Soeoen

designed so that double casings will protect any frezh wateo zones,

From the surface to the Hunton, a 16" OD string of surface casiny
will be cemented in place and tested prior to drilling deeper. This
will provide permanent protection to all zones known to be carrying

fresh water at this site.

ASWH ffnfﬁe's£. ééfer tests show%itmtoibe suigably hineralized énd éer—” -
~u12 meable, the well will be completed by setting 7" into the top of
’ thé St. PéteQ ;nd‘éémenting the annuius to the surface; Thus providing
é:} . two strings (i?“'& 7") across all fresh water zones.

ter contains suitably mineralized water, but lacks

roz

ST e #1
LT potable water:

then the hole‘will be rééﬁeé‘ffbﬁ'tﬁé base of the
surface casing through the St. Peter (or the deepest fresh wacer:

~-te.c. and a 10 3/4" liner cemented‘from this depth back to a liner zancur
inside the surface casing. The Mt. Simon conpletion will be witn
7" casing to the surface. Thus, the upper fresh waters will ce

,) protected by strings of 16" and 7" casing and the lower fresh waceiw

by 10 3/4" and 7" casings.

-21-



—_ If no zone is suitable, the well will be abandoned with cement
plugs opposite both the St. pPeter and Mt. Simon. The 16" surface
casing will be abandoned with the well with cement plugs also at

the top and bottom of the casing.

e

5.5 ST I X 5 DI A W s S TP & 2 e 5 T £ NI . mn . ok T £ il B e At o 2

P B o N c e e e e o - [
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MONSANTO CHEMICAL COMPANY
Department 260
Monsanto, St. Clair County, III.

Octcber 7, 194

State .atar Survey
University of Illinios
Urbana, Illinios

ATTENTION ——- lir. Max Suter

Dear Mr. Suter:

The enclosed well infonmﬁion will farnish you with
informmtion regariing the srall-water puuss at the Chemical
Warfare Service Plant No. 1, lfonsanto, Illinios.

This sheet cowers the period September 18, 19k to
Qctober 7, 194k,

Jery truly yours, .
o5 0O
05’
¢ '
3~ -
2. | < —7 /:‘.’:—'— ) .
27 <, 7 ool
o) //’ 7
787 g
2
’ Jos. F. Stickley
Kanufacturing Superintentdent
ERE

Chamical Warfare Service Plant No. 1
i‘onsanto (3t. Clair County) Illinios.
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- PRE-COMPLETION EVALUATION

From the previous discussion, it is apparent that a critical decision

_must be made after penetrating the St. Egtg;. Enough data must be

obtalned in order to dec1de whether to complete the well ln the st.

If these tests prove the suitability of the St. Peter-as a disposai.

J

horizon, the results will be confirmed by taking sidewall cores.
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-~ These samples will be analyzed for porosity, permeability, and

lithology.

Core points, as well as the drill stem test point, will be selected

on the basis of geophysical and sample logs.

o If the drill stem test of the St. Peter proves it to be unsuitable

for any reasoh, drilling will be resumed and carried to basement.
’ it f"iz ;.w £y ‘

'Ident1cairtests

orngandonmpn;.

e E . R

¥

Cox -
s *‘C,

o

e abando”eé”unless a_sultdble zone ca able_of acceptln

R PP Rt R e L P T ] ' B EER B A - R

Tl i T, - LR L ]

-28~



MATERIALS OF CONSTRUCTION

h! The disposal well must be so constructed as to maintain its

hydraulic integrity under both physical stress and chemical attack.

The physical stresses which will occur in the casings during
completion and operation (tensile, burst, collapse) are discussed
in detail in Appendix 2. The design to meet these stresses in all

cases meets or exceeds A.P.I. standards.

Chemical attack is a more serious problem. As might be supposed
from the analysis of the waste, it is quite corrosive. Table 2

shows the results of exposing various metals to this waste.

On the basis of Monsanto's experience with:sulfuric acid and these
E;) tests, it was tentatively decided that all critical subsurface
metals will be of 316 stainless steel. The lower most joint of

casing will be of this material. To protect the mild steel casing

‘xl b - from contact with the waste, a packer with stainless steel trim will
g%$v7>"i“beidggﬂ§n the lower-most casing joint ag?'sonnected to the tubing.
¥ F L. "A_v‘ Bge . o o « « P . ' .44_7—:5‘“'.7 . :,:A : o -v: ; R

We are currently planning on using 316 stainless for the tubing also.
However, because of the cost of this material; laboratory studies
will continue in an effort to find an equally suitable, but less

‘expensive tubing.

-29-



To prevent vertical migration of the waste and possible external
attack on the casing, tests were run to evaluate cement performance
when exposed to this waste. The results of those tests are
included as Appendix 3. From these data it appears that no prob-

lems will be encountered.

By using these materials in the well, as shown in the alternative
completion diagrams, the waste will be confined by laboratory
tested materials from the time it leaves the surface until it is

safely disposed of in' the storage reservoir.
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N TABLE 2

W. G. K. MATERIALS ENGINEERING

SAMPLE EXAMINATIONS

] T
‘! SAMPLE CORROSION || DISCUSSION OF H
i IDENTIFICATION || LOCATION RATE,MPY [ INSPECTION
B | |
| Steel Welded Liquid 17 Severe all over general
| cratering.
‘ |
|
r | Inter- ‘ Gross all over general
| face cratering. i
f Vapor ] Moderate all over
| | shallow cratering
| | except in protected
! ’ | areas.
| |
——————————————— ’ D i S S A G G G = NS S Smp S S S G G G T S S ——---_--‘-“———.--—_-—--—-—
1304 s.S. | Liquid | <1 | Very light surface
{ welded l ) ; | etching under
i ! i
| | Inter- ? Same as above
! i face ;
. \
: | vapor § Moderate shallow crater
| { ing in condensation
‘ areas due to lack of
oxygen plus severe pits
} to cratering due to
t deposits in condensa-
tion areas.
J316 S.S. i Liquid i £l Light to heavy surface
Welded | etching in the deposit
' area only.
i
’ Inter- Same as above.
i face
;
.J)' “ | Vapor Same as above.
E_ - - " J




POST COMPLETION TESTING

After cementing the casing(s) in place, the production test will

be repeated to confirm the previous éstimates of permeability, and

to obtain a supply of connate watef. After the pressure stabilizes,
this will be injected at various rates to obtain absolute confirmation

of the pressure/rate intake characteristics of the well.

Bottom hole pressures will be recorded to eliminate uncertainties
due to friction losses and to establish exactly the fracturing

pressure if the well is low rate.

The well will then be secured by running a temporary tubing string,
loading the hole with salt water and closing the valves. All test
data will be interpreted and pressure/rate/time projections will be

made of future operations.

~ Based on these projections, a decision will be made as to what

Ed

volumes and which waste streams will be dispdsed of in the well.

Tubing and packers will then be ordered for the final completion.

These data will also be used to design the pretreatment facilities

and to select the injection pumps.
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APPENDIX 1

DRILLING PROGRAM

SURFACE HOLE

1.

Rig up, spud in, and set 2 to 3 joints 20" line pipe

for conductor.

Drill 18 7/8" hole 50' into the Hunton Lime. Estimated

depth 600'. Circulate and condition hole.
Log hole with standard IES/16" and 64" resistivity survey.

Run 16", 65#, H-40 casing and set 3' off bottom. Use
float shoe with centralizers 6' above the shoe and ¢’
below the collar of the shoe joint. Place centralizers
on joints 2,3,4, and S below ground level. Baker -- lock

shoe joint at both ends.

Install single plug cementing head. Break circulation
and check that casing is free. Pump 10 barrels of fresh

water.

Mix and pump sufficient cement to obtain 150% of
theoretical fill-up. (Exact volume will depend upon hole
conditions and depth, but should be between 350 and 500

sacks)



Drop top plug and displace with water using cementing
trucks for displacement. Reciprocate pipe until

weight indicator shows sticking.

Wait on cement 16 hours. 1Install casing head at ground
level and nipple up blow out preventers. Test BOP's to

1,000 psi before drilling shoe.

ST. PETER TEST

1.

Drill shoe and test surface cement job with 500 psi
against BOP's, drill 9 7/8" hole to base of St. Peter
Sand (estimated at 1720'). Catch and sack samples at
10' intervals from surface pipe through St. Peter.

Upon reaching base of St. Peter circulate and ccndition

hole for logging.

Log hole with IES/16" and 64" resistivity/micro log/

gamma log from T.D. to surface casing shoe.

Make up anchor type drill stem test tool with dual
pressure recorders, circulating ports and safety joints.
Space packer element to set in lowest competent section
of Trenton Lime. Run tools and take conventional DST.
Produce well for two hours at constant rate (swab, if

necessary). Allow to stabilize for final static pressure.



Recover test tools. Analyze water sample for total

faPVWXC
dissolved solids. Make field analysis of DST to v o
detaile
{
estimate intake capacity of St. Peter. w,;w*V;“
_ and
sw?
If analyses indicate St. Peter is a suitable disposal YA

cen
horizon, take side wall cores based on logs and samples evﬁﬂ*

and proceed with section F, Combletion: otherwise, go

to Section C, Mt. Simon. Test.

MT. SIMON TEST

1.

Continue 9 7/8" hole to basement (estimated at 4,000').
Catch and sack samples at 10' intervals. Upon reaching

basement, circulate and condition hole for logging.

Log holefwith IES/16" and 64"/resistivity/micro-log/

gamma log from T.D. to top of St. Peter.

Make ﬁp ihchor type dri;; stem test'tool with dual
pressure recordéfs. circuiating ports and safety joints.
Space paéker element to set in lowest competent section
of Prairie du Chien (Arbuckle) Lime. Run tools and take
two hours at constant rate (swab, if necessary). Allow

to stabilize for final static pressure.

1-3



!

Recover test tools, analyse water sample for total C?a

| | | ya"”"’}‘
dissolved solids. Make field analysis of DST to / v

. . . . ' o ?
estimate intake capacity of Mt. Simon. f

-~

If analyses indicate Mt. Simon is unsuitable for use Lo
any

as a disposal horizon; proceed with Section D, eve“f

Abandonment. If analyses indicate Mt. Simon is a

suitable disposal horizon, take side wall cores. If

St. Peter contains mineralized (10,000 + ppm TDS)

water:; proceed with Section F, completion. Otherwise,

go to Section E, Liner Procedure.

ABANDONMENT - (If both zones unsuitable)

Run in tubing or drill pipe open ended. Lay neat

"cement plug from total depth .to top of Mt. Simon.

Spot heavy mud from top of Mt. Simon to base of St.

Peter.

Lay cement plug from base of St. Peter to top of 5t.

FPeter.
Fill hole with heavy mud to surface casing.

Spot 20 sack cement pluys at base of surface casing and

at top of well.



Cut. off casing to 1 foot helow ground level and

~lean up location.

25,
b ouly
N

PROCEDURE- (If St.Peter water is potable)

Spot temporary cal-seal plug 50' below base of St.
Peter (or lowest potable water) to protect Mt. Simon

during liner operations.

Ream 9 7/8" hole to 13 3/4" from surface casing to

10’ below base of St.Peter (or lowest potable water).

.

Make up and run liner of 10 3/4", 4Q5 pound per foot
H-40 casing with wash down float shoe and le£t handed
circulating sub. Liner to extend from reémed T.D. to
50' inside surface casing. Centralizers are to be
installed across St. Peter section, inside surface
casing, and as indicated by logs. Centralizer and

scratcher program will be prepared on site.
Break circulation and pump 10 barrels of fresh water.

Mix and pump sufficient cement to obtain 150% fill-up

behind liner. Exact volume to be calculated on the basis

of caliper survey (run in conjunction with micro-1logq),
but will probably be about 600 sacks. Reciprocate pipe

while cementing.



0.

-4

As last cement clears the well head, open circulating
ports and circulate out excess. When returns are clear

break out left handed sub and pull drill pipe.
Wait on cement 16 hours.

Drill out shoe, clean out cal-seal plug and condition

hole for completion. Go to Section F, Completion.

COMPLETION (Either St. Peter or Mt. Simon)

1.

Make up casing string to consist of (bottom to top):
One Formation Packer Shoe
One Joint 7" special alloy pipe (see materials
section)
Balance of string 7" 20 pound per foot, J-~53,
casing. Scratchers and centralizers to be installed

as indicated by logs.

Tally pipe in the hole and position packer in top
three feetvof disposal horizon. (This may be varied
slightly if caliper indicates washed out zone.) Circulate

until clean returns are obtained.

Drop ball and pressure up casing to 1,000 psi to set

packer and open cementing ports. Pump 10 barrels of water.



Mix and pump sufficient cement to provide 150% of
theoretical fill-up. (Exact volume to be calculated
on site) Pump cementat maximum rate that is within

pressure limits of casing and packer.

Drop top plug and displace with water using cementing
trucks. Bump plug with maximum of 2,000 psi. Hold
pressure for two minutes. Bleed off and check float
valve. If OK, drop slips and seal assembly. Slack off
weight on pipe elevators, cut 6ff casing. Wait on

cement 24 hours.

If cement did not circulate, run temperature survey

after six hours and squeeze if necessary.

Drill out float equipment and clean out to total depth. -

Circulate out all mud and leave hole full of water. La?

~down drill pipe. Run tubing with air lift valves (or

perforated nipples) and packer with bell nipple on bottom.

Install head, release rig.

TESTING

1.

Run sub-surface pressure recorder with 72 hour clock to

30' above casing shoe.



Test well on air 1lift for 10-12 hours. Last half of

test should be at constant rate.

Shut well in for period equal to test period. Tag
bottom with pressure bomb, to check for fill. Pull

pressure bomb, change charts and re-run.

Load hole with produced water. Close in casing side.
Hook up pump truck. Take 5 hour variable rate injection

test and 5 hour constant rate injection test.

Shut well in for 10 hours. Pull pressure bomb. Shut

well in.

Based on tests; tubing size, pump design, and pre-

treatment design will be finalized.
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APPENDIX 2

CASING SAFETY FACTORS

Casings cemented in any well are subject to three distinct types
of stress; tension, burst, and collapse. These occur during
different phases of the well's useful 1life and safe design must
provide for adequate strength under maximum conditions for each
type of stress. Maximum tension will occur while running the
casing, when the entire stfing is suspended from the derrick.
Maximum collapse stress will occur if future remedial work requires
that the well be swabbed dry (no fluid in the well) and thereby
subjected to geo-hydraulic collapse pressures from aquifers.
Maximum burst stress in the long string of an injection well will
occur during input operations.: Maximum burst stress of shallower

strings are likely to occur during cementing operations.

Because of the need to use standard sized sub-surface too;s, bits
and other equipment, steel well casings are mahufactured in

standard (American Petroleum Institute) sizes.Since it is impossible
to replace casing cemented in the well, the A.P.I. specifications
are quite rigid in such matters as minimum yield strength, minimum
joint strength, maximum and minimum wall thickness, minimum drift

diameter inside, etc. The A.P.I. also recommends minimum safety

factors.



Surface Casing - 16", 65#/ft, H~40 set at 650’

Tension:

Minimum Joint Strength = 423,000 pounds

Maximum Weight (neglecting bouyancy)
650' x 65#/ft. = 42,250 pounds

Actual safety Factor 423,000 _

10.0
42,250

Recommended Safety Factor = 1.8

Collapse:

Minimum Collapse Resistance = 630 psi
'Maximum Collapse Pressure
650' x 0.50 psi/ft. = 325 psi

Actual Safety Factor 630 . 1.94
. 32 o

Recommended Safety Factor - 1.125

Burst:

Minimum Internal Yield Pressure = 1640 psi
(Based on 87&% yield strength)

Recommended Safety Factor = 1.00

Maximum Well Head Pressure = 1640 psi
(This casing will have a cement
sheath inside as well as outside

during injection operations. Thus,



the 1640 psi restriction is
applicable only to pressures

before setting the long string)

" Intermediate Casing (if required) 10 3/4", 40.5#/ft.,H-40, set at 1750

Tension:

Minimum Joint Strength = 338,000 pounds

Maximum Weight (neglecting bouyancy)
1750' x 40.5#/ft. = 71,000 pounds

Actual Safety PFactor = 388,000

= 4.75
71,000

Recommended Safety Factor = 1.80

Collapse:

Minimum collapse resistance = 1340 psi
Maximum collapse pressure
1750' x 0.50 psi/ft. = 875 psi

Actual safety Factor = 1340 _ 1.53

875

Recommended Safety Factor = 1.125

Burst:
Minimum Internal Yield Pressure

(Based on 87%% yield strength) = 2280 psi



4

Recommended Satety Factor = 1,00
Maximur Well Head Pressure = 2280 psi
(This casing will have a coement
sheath inside as well as outside
during injection operations. Thus,
the 2280 psi restriction is applicable
only to pressures hefore cementing

long string.)

Long String - 7", 20%#/ft., J-55 to 4,000

Tension:

Minimum Joint Strength = 254,000 pounds

Maximum Weight (neglecting bouvarcy)
4000' x 20#/ft. = 80,000 pounds

Actual safety Factor 254,000 . 3 ig
80,000

Recommended Safety Factor = 1.80

Collapse:

Minimum Collapse Resistance = 2500 psi
Maximum Collapse Pressure
4000' x 0.50 psi/ft. = 2,000 psi

Actual Safety Factor 2500 1.25
2000 - ¢

Recommended Safety Factor = 1.125

2-4



Burst:
Mirnimum Interal Yicld Pressure

(Based on 87'% yield strength) = 3740 psi
Maximum Well Head Pressure

(Based on 1.00 psi/ft. fracture

gradient and fresh water column)

St. Peter 1600-(1600x.433)

]

905 psi

Mt. Simon 4000-(4000x.433) 2270 psi

Minimum Safety Factor 3740 _ 1.65
2270~ °°

Recommended Safety Factor = 1.00
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effluent sumnle Jor Monsantoe Krammich

We gi;/e below resuits of our examinationof . ____. R A
Plant, Sauget, Illinois

Submitted by_____Mr. Weldon Baker e e e et e e

Morked For Mr. Reed I, Payne, Monsanto Bicdize Systems, lnc.

510 Ncrthern Blva,, Great Neck, N, Y. 11021

f:) Burpcse

To determine the effect of this acid effluent on cementing
compositions for disposal wells.

Conclusions

This series of tests were initiated December 31, 197C. As of
this date, all cementing compositions tested have shown no evidence
of deterioration. Previous long term test data have shown that
Resin Cement is stable in sulfuric acid concentrations up to 5%,
Since this effluent sample contained only.l% sulfuric acid, Resin
Cement should be adequate, but if waste effluents at some future
e tovald poherkiilly contain mare than %% sulfuric acidé, then
the HLX-116 slurry would be recommended.

o This report is limitad to the described sample tested. Any porson uting or relying on this report thet Helliburten shedl
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PAGE NO. 2 . HALLIBUATON CHEMICAL LABORATORY REPORTY 1.0 _(.:_.2,6,:9;0_‘.? E-LZ.?‘_,_, -

Sample No., 2u

Scope _and Prccelure

Test specimens were prepared according to AT RF 103,
"Recommended Practice for Testing Cil-Well Cements and Cement
Additives, " cured 72 hours at 80°F and then immersecd in the
effluent with test temperaturc maintained at 80°F. Test cells
are recharged with fresh effluent if depletion is indicated.

Data

Acid Effluent
Monsanto Xrummich Plant
Sauget, Illinois

Chemical Analysis

Specific Gravity - 1.004 ® 78°F
PH - 1.12
Sulfuric Acid - 1,01% by weight

Hydroxide - 0 MPL
Carbonate - 0
Bicarbonate - 0
oy : Chloride - 480
Sulfate - 11,400
Calcium - 80
Magnesium - 24
Sodium - 750
Total Dissolved Solids - 17,700
Izron - 8

-

Cement Recommendation

Resin Cement, or
HLX-116 Slurry (experimental material)

ecc: P, C. Moody Reed W, Payne v~
A. A, Baker F. M, Anderson D, K, Smith

Respectfully submitted,
'—}oborotory Analyst HALLIBURTON SEEVICES

Watson-Underwood 8%_jﬁéézlggzgéiQZéii#gzgLZL___*__
(¥

MISTLE & sna1s om 8/ ve
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C“ ;M&Q WILLIAM .. BLASER

STATE OF LLINGIS DIRECTOR

oy ENVIRONMENTAL PROTECTION AGENCY

tugust 5, IS8T

MOMSANTO CLMPANY - W, G, Krummrich lant
Daep Well Dispossl

Morisanto Company
Sauget,
i¥ilnois 62.01

Attention: Mr. Gerald .. Sratsch
“{ant Manager

Gent | emer

This Agency, along with the llinols state Geological Survey and the Ilimois Stete
Water Survey, have reviewed your proposal for your Heep well disposal design at the
W. G. Krummrich “lant in Sauget, illinois. We offer the following comments and re-
cuests which we felt should be brought to your attention and fulfilled prior to the
Issuvance of a permit to start your drilling operations

1, Enclosed please find two cooles of EFA-WPL-] (“ermit Application
for i‘ndustrial Veste Trestment)., rlease complaete these in full

and return to this Agency so we msy complete review of your eppli-
cation for & permit,

.. There i3 wome concsrn >ver the probable confining competence of the
cap rock sbove the 5t, Yeter sandstone, which would prasumably be
the Joachim Dolomite. We belleve It is essential to cut & few cores
in the intervsl from 7C faet above the St. “eter to the top of the
58, Feter to show the nature of the cap rock. t Is conslidered im-
rortant to demonstrate by coring the range of lithologles within

the Joschim Dolomite - at more permeable zones as well #s the less
»ermeable zones.

3., The coring program should aiso demonstrate the range of lithologles
of the reservoir rock, elther tha St. ‘etar sandatona ar the My,
.imon sandstone, f the side wall cores can be subjected to the
same kinds of laboratory permeabllity tests #s down the hole cores,
the side cores wouid be satisfactory, but permeable as well as !m-

rermeable rones should be cored, sy inferred from the geophysicsel
fogs,

‘w ne New Hlmols we ace ()mmOddF*
2200 CHURCHILL ROAD
AT 2400 WEST [EFFERSON
SPRINGFIELD, ILLINOIS 62706

ARizn CODE 2§7.625.3297



HOMSANTS COMPANY ~ w, . Arumerich Plant -2 - Augus i 3, 1971

lesp Wall Disposal

we have racuired that swab sampies, rather them driii-stem test
samples . be used for conate water determinations. The swabbing
should contimue unti] the compasition of the produced water |s
constant. We require that this Agency ba notiflied when the
swabbing e .uipment |s ordered so that we have the opportunity

of being present for collection of samples and reviewing flelc
conductivity tests to determine the total dissolved solid levels,

Thers |: much uncartainty about the composition of the injectsd
waste. Jn Page 19, 9 percent sulfuric acid (s memtioned. The
Halliburton Report mentions one percemt sulfurlc acld. A 9 per-
cent acid would probabdly sink through the native brine In the
formation whereas & omne percent acid may rise, depending on the
speci fic gravity of the brinme.

Two sdditions] polints we fesl should be subject to further cleri«
fication ara the facilities for the controlling amd monitoring of

the annular pressure around the injection tubing and the establishing
of the fracture pressurs. Please clarify these points with additional
information.

‘n addlvlon to the slimination of waste stream ~2, what addiziomal
Flaxibiiity aﬁi?ihpntrutnmt facillities are boing provided’

in the wevent of uulm.mo problems in the wali, what storage faclill-
ties are golng te be prtivided so that alternate weans of waste disposal
w1 hot ba Mary?}m

H. FooSmith, | kad/o’
ﬁatm’* Sﬁrny..,nkx :

the Hydrology Section of the ilino : State

s sample of the weter that is swabbed from

the St Peger f and also from the M. Simom formetion be sent
o him Yor_ms when it Is taken. Ve would ask that this be seat
to hlm so that they can obtain further Information regarding the ground
«stars of the State of (!lincls.

Upon rece:pt of the informetion requested above snd scknowledgesent thai considerastion
wili be taken for the above-mentionsd comments, 2 review of your proposel will con-
tinve. Should yo. have amy questions or comments regarding the above, plesse advise.

RES bap

Yary truiv yaurs,

Biv SION oF WATER POLLUTION (ONTROL

AT
Warc i, Abers

Aat by Yan- e
Fermit Section

CC ~ Survillance ‘awct on Collinsviiie Iffica
i'limois State Geological Survey

Attention Dr. Robert Gergstrom

‘1 nois State Vater Surwey

Attenti on Mr, 4. F  Seith



Monsaiiio

Monsanto Company
Sauget, lilinois 62201
Phone: (B18) 2N-5835

January 20, 1970

-

. Mr. Clarence Klassen
Technical Secretary
State Sanitary Water Board
Springfield, Illinois 62706

_Dear Mr. Klassen:

The Wm. G. Krummrich Plant of Monsanto Company hereby
applies for an operation permit to construct a waste-
water Injection well to be located at the plant site
in Sauget, Illinois.

The enclosed report includes preliminary geologlcal and
engineering data concerning the construction of proposed
deep well disposal facilities. The report states that
subsurface disposal is feasible in the St. Peter's and
Roubidoux Sand of Ordovician Age and the Davis and Bonneterre
Dolomite of Cambrian Age. ' -

Should a permit be granted, the program for an exploratory
well as detalled in the report will be followed.

Respectfully,

G. L. Bratsch
Plant Manager

/3o

Enclosure
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PROPOSAL FOR WASTEWATER INJECTION WELL AT

MONSANTO COMPANY, W.G. KRUMMRICH PLANT, SAUGET, ILLINOIS

PURPOSE -

SCOPE. -

LOCATION -

HISTORY OF

The purpose of this feport is to present the
avallable geological and éngineering inforhatioh
Eoncerning subsuf&ace disposal qr liquid waste
at Monsa;ito's W. G. Krummrich Plant, Sauget,
Illinois to the State of Illinois Sanitary

Water Board.

The scbpe‘pf‘this study includes a discussion
of the subsurface geology in the area of the
plant site #s to the possibility of a porous

and permeable brine satﬁrated reservoir rock
sﬁited for liquid waste disposal. Also Included
is a histdry of drilling in the area.

Monsanto Company's W. G. Krummrich plant is
lacated at Sangset, Tllingle whicdh Lo Ln Ok, Qual

County.

DRILLING IN AREA -

Flgpure 1 on Page shows the location of four deep

wells that have been drilled in the St. Louls area.



¥Well #1 (Lange #3) is used by Laclede Gas for

gas stopage; well #2 (Asylum Well) was drilled in

an attempt to find water for an asylum in gouth

St. Louis, and wells #3 (E.F.Kirchels #S-1) and
#h (Theobaid #A-15) were drilled for gas storage

by Mississippi River Fuel Company.

.Egch‘of the above four wells peﬁetrated at least

12700 feet of sediment. Also, the wells have gbﬁd
driiler logs and saﬁple descriptions which allows

a reasonable prediction of what might be encountered
at the plant site. The logs of these we}ls are listed
in Table 1 and are avallable upon request{ for exami-
nation. Also attached as Figure 2 1s the sediment
log for the Lange #3 well.

POSSIBLE DISPOSAL ZONES

Logs of the above wells have been revigwed‘by
Monsanto Company's Hydrocarboh's Division. They
state that severél strata sultable for disposal

of waste materials should be encountered by drilling
a disposal well., The most likely zones for disposal
would be the St. Peter's sand found in the Asylum
Well @ 1452 feet and the Robidoux Sand € 2102 feet
in the Asylum Vell.



The data also indicates that ah additional area
to be éonsidered is the Davis-Bonneterre dolomite

€ 3000 feet in the Asylum Well,

Included in the log of the hsylum Well published
by G. C. Brodhead in 1878 was a description of
the water encountered. Brodhead says:

When the borin%s,began, the water in the
well stood at 40 feet below the surface;
at 134 feet an 8 or 10 inch opening was

" struck and the water sank in the well to
a depth of 128 feet. Salt water was ob-
tained at 1,220 feet. At 1,225 and 1,262 feet
from the surface a strong petroleum smell was
Tecognized. Sulpnur vater was reached at 2,140
feet., At 2,256 the water in the sand gump in-
dicated 3 per cent of salt; at 2,957, 4 1/2 per
cent; at 3,293, 2 per cent; at 3,367, less than
2 per cent; at 3,384 feet, 3 per cent, and below
3,545, 7 to 8 per cent.

In an article entitled "Deep Well Disposal of
Indnstirial Washes 4n M&sﬁﬁhz&", Ry énu W huyes,
State Geologist, Dr. Hayes states ‘that "the Missouri
" Geological Survey considers the St. Louils area

geologlically feasible for the construction of liquid

vwaste disposal'wells",

Therefore, the aforementioned references indicate
that strata suitable for waste injection should be

“found in the area of the W, G. Krummrich Plant.



CHARACTERISTICS OF WASTEWATERS

Prescnt Requireménts:
At the present.time, the W.G.Krummrich plant 1s
proposing to dispose-of the. following materials
in an injection well: |
1) 2.4 million pounds per year of 85% acid -
| 'ISX‘organic‘mixtﬁré. '
hzéuié;, 2) 8.8 million pounds per yéar of 85% Hzo -
' 15% organic mixture.
The flow rate for the above figures averages
approximatelycg:ggg;) |
Future Requircments:
If the construction of ‘an injectibn well is
successful, its future use would be valuable for '
the disposal of waste materials w?}ch are either

detrimental to or not destroyed by‘biological

waste treatment processes.

PROGRAM FOR EXPLORATORY WELL

If an exploration pefmit is obtained from the
State Sanitarj Water Board for the construction of

an exploratory injection well, the following pro-

gram would be implemented:



1, Compliance with all permit requirements.

2. Complete detail characterization of waste
materials. .

3. Conduct necessarj corrosion tests.

§, Prepare f;nal deéign of wells and of any
above ground pretreatment facilities which
may be needed. | _

5. Resubmit detall design plan to State for

| preliminary approval. |

6. Award drilling, testing.and completion

. contract for exploratory well. |

7. Perforﬁ compatibility and capacity tests.

- 8. Submit formal application for operatioﬁ of
| 1njection vell. '

9. 1Install complete facilities.

CONCLUSIONS:

Data from drilling logs of four wells in the
area of the W. G. Krummrich Plant indicate that
the subsurface strata is sultable for disposal

of waste materials.

Formations exist dt depths of 1452, 2102,‘and 3000

feet which are both semi-permeable and contain brine

or sulfurcted water. Thus, the injection of wasie
material into one of these strata would not contaminate

any source of potable water.
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TABLE 1

GEOLOGIC LOGS OF DEEP WELLS IN ST. LOUIS AREA

Well

Lange #3

Theobald #A-15

. Kircheils #S-1

Asylum

- Location

6-4TN-TE

35-15-10W

27-3N-6V

31-45N-7E

Logs Avallable

Micro Log'
Electrical Log
Sediment  Column

Electrical Log

. Radlation Log

Sonic Log

Microlog

Micro Laterolog

Induction-Electrical
Log

Sediment Column



